ABSTRACT Bacterial pathogens are a major cause of mortality in bivalve hatcheries, and outbreaks can result in shortages of seed supply to the grow-out industry. The use of probiotic bacteria is a potential preventative measure to limit the impact of bacterial diseases. Previous research showed that the marine bacteria Phaeobacter inhibens S4 (S4) and Bacillus pumilus RI06-95 (RI) protect larval eastern oysters (Crassostrea virginica) when challenged with the pathogens Vibrio tubiashii RE22 (now Vibrio coralliilyticus RE22) and Roseovarius crassostreae CV919-312 T . In this study, these probiotic bacteria were tested under hatchery conditions. Daily addition of S4 and RI (10 4 colony forming units (CFU)/ml) to 100-l culture tanks resulted in a significant decrease in the levels of total Vibrios in water and tank surfaces (P < 0.05), but not in oysters. Larval growth and survival was unaffected by the probiotic treatments. Larvae treated with probiotics in the hatchery showed significantly less mortality than larvae from control tanks when exposed to 10 5 CFU/ml of V. coralliilyticus RE22 for 24 h in a laboratory challenge. These results suggest that S4 and RI are safe and potentially effective tools to limit disease outbreaks in oyster hatcheries.
INTRODUCTION
The shellfish industry is an important and rapidly expanding area of world aquaculture production. In the United States of America, marine aquaculture production increased about 10% annually from 2008 to 2012. The primary marine aquaculture species produced in the United States include oysters and clams, which rely mainly on seed supplied by hatcheries (NOAA Fisheries 2014) . For example, a report on the shellfish aquaculture industry in Virginia demonstrated that seed oyster sales from hatcheries increased approximately 4-fold from 2008 to 2010 (Hudson & Murray 2015) . Rearing of larvae is a crucial step to ensure constant and sufficient supply of seed to support the aquaculture industry (Helm et al. 2006) .
Bacterial diseases, particularly vibriosis, continue to be a major cause of mortality in hatcheries and nurseries, resulting in major losses and great expenditure for producers (Estes et al. 2004) . Bacteria belonging to the genus Vibrio are both numerous and ubiquitous in marine environments, and are harbored within many diverse marine organisms, such as molluscs, shrimp, fish, cephalopods, and corals (Thompson et al. 2004) . Bivalve shellfish larvae infected with pathogenic Vibrio spp., including Vibrio alginolyticus, Vibrio splendidus, and Vibrio tubiashii, show clumping of the cilia, soft tissue necrosis, and a rapid reduction in larval motility and ultimately mortality (Tubiash et al. 1965) . The strain V. tubiashii reemerged in 2006 and has since been considered responsible for mass larval mortalities of Pacific oysters Crassostrea gigas in the Pacific Coast of the United States (Elston et al. 2008) . One of the V. tubiashii strains (RE22) isolated from disease outbreaks in Pacific oysters (Estes et al. 2004 ) has recently been reclassified as Vibrio coralliilyticus (Wilson et al. 2013 , Richards et al. 2015 . The strains V. coralliilyticus and V. tubiashii are pathogenic to a variety of marine invertebrates, including oysters, clams, and corals (Elston et al. 2008) .
Probiotics are desirable tools for mitigating disease outbreaks and for maintaining a healthy larval rearing environment in shellfish hatcheries. Probiotics are live, nonpathogenic microorganisms which, when administered in adequate amounts, confer a health benefit on the host (FAO & WHO 2006) . They can be used to eradicate harmful bacteria (Balcazar et al. 2006 , KesarcodiWatson et al. 2008 and to improve the digestive and immune systems of the host (Castex et al. 2009 ). In aquaculture, probiotics can be administered either as a food supplement or as an additive to the water (Moriarty 1998) . Studies have demonstrated significantly improved survival of probiotic-treated animals when subsequently challenged by pathogenic bacteria (Gibson et al. 1998 , Rengpipat et al. 1998 , Ruiz-Ponte et al. 1999 , Kumar et al. 2006 , Taoka et al. 2006 , Castex et al. 2009 ). Probiotic microbes are a desirable alternative to the use of antibiotics in aquaculture systems, because use of the latter can lead to the development of drug-resistant strains (Karunasagar et al. 1994 , Weston 1996 , Kemper 2008 .
Probiotic bacteria have shown promise in bivalve aquaculture, although few studies have tested candidate strains in hatchery scale experiments. For example, gram-positive lactic acid bacteria, such as Lactobacillus, Bifidobacterium, and Streptococcus, gram-positive bacteria, such as Enterococcus and Bacillus, and gram-negative bacteria, such as Vibrio and Pseudomonas, are commonly used as potential probiotics in aquaculture (Verschuere et al. 2000 , Kesarcodi-Watson et al. 2008 . The benefits of probiotics have been studied in the Pacific oyster Crassostrea gigas (Douillet & Langdon, 1994) , the great scallop Pecten maximus (Ruiz-Ponte et al. 1999) , the peruvian scallop Argopecten purpuratus (Riquelme et al. 2000) , the pearl oyster Pinctada mazatlanica (Aguilar-Mac ıas et al. 2010), the green-lipped mussel Perna canaliculus (Kesarcodi-Watson et al. 2009) , and the Manila clam Ruditapes philippinarum (Castro et al. 2002) . In larviculture of the eastern oyster Crassostrea virginica, probiotic candidate Vibrio sp. OY15 provides a beneficial effect to larvae, both in the presence and absence of the shellfish pathogen Vibrio sp. B183 (Kapareiko et al. 2011) .
It was previously shown that the marine bacteria Phaeobacter inhibens S4 (S4) and Bacillus pumilus RI06-95 (RI) protect larval eastern oysters when challenged with the pathogens Vibrio coralliilyticus RE22 and Roseovarius crassostreae CV919-312 T (Karim et al. 2013) . The goal of this study was to test the safety and efficacy of these two candidate probiotics in larviculture of Crassostrea virginica at pilot-scale hatchery culture conditions. Measurements included the impact of probiotic treatments on larval survival, larval growth, total Vibrios in the tank surfaces, water and larvae, and the survival of larvae following exposure to V. coralliilyticus RE22 in laboratory challenges.
MATERIALS AND METHODS

Mollusk Larvae
Adult eastern oyster Crassostrea virginica were spawned at the Luther H. Blount Shellfish Hatchery at Roger William University (Bristol, RI) following standard procedures (Helm et al. 2004) . Larvae (1 day old) were distributed and maintained in 120-l conical tanks and fed with live microalgae. The microalgae strains used throughout the trial were Chaetoceros muelleri (CCMP1316), Isochrysis galbana (CCMP1323), Tisochrysis lutea (CCMP1324; formerly Isochrysis sp., Tahitian strain), Pavlova pinguis (CCMP609), Pavlova lutheri (CCMP1325), Tetraselmis sp. (CCMP892), and Thalassiosira weisflogii (CCMP1336).
Bacterial Strains
Bacterial strain Vibrio coralliilyticus RE22 (Estes et al. 2004) was supplied by H. Hasegawa, Department of Biomedical Sciences, Oregon State University. The marine bacteria S4 and RI were isolated as previously described (Karim et al. 2013 ). All bacteria were maintained and stored in 50% glycerol stocks at -80°C until use. 16S rRNA sequencing was used to confirm strain identity prior to use in experiments (GenBank accession nos. KC625490, KC625491, and CP009264.2).
Preparation of Bacterial Isolates for Pilot-Scale Trials and Challenge Test
The probiotic candidates and pathogen were cultured in marine medium YP30 (5 g/l peptone, 1 g/l yeast extract, 30 g/l ocean salt, Red Sea Salt, Israel) at 28°C with shaking for 48 and 24 h, respectively. Bacteria were pelleted at 2,300 3 g for 10 min and then twice resuspended in filtered sterile seawater (FSSW, 28 psu) and centrifuged to harvest the cells. The cell pellet was resuspended in FSSW and the bacterial density was determined by measuring optical density at 550 nm (Synergy HT, BioTek). Bacterial suspensions were diluted to the target concentration in FSSW for hatchery delivery. In addition, serial dilution and spot plating on YP30 agar plates were used to determine cell viability and cell concentration.
Design of Pilot-Scale Hatchery Trials
Larvae were maintained in triplicate 120-l conical tanks per treatment in static conditions until reaching the pediveliger stage. Tanks were randomly assigned to following treatments: no probiotics (control), candidate probiotic S4, candidate probiotic RI, or a combination treatment composed of both candidate probiotics S4 and RI. Each treatment was mixed with algal feed to achieve the effective dose of 10 4 colony forming units (CFU)/ml in the tank (Karim et al. 2013) , and then poured directly into individual tanks. Treatments in Trials I and III were performed in triplicate, whereas those in Trial II were performed in quadruplicate. Tanks were drained down (emptying of tanks to perform 100% water changes) every other day and the day the larvae were produced (day of fertilization) was defined as day 0. Frequency and timing of treatment for each trial are described in Table 1 . Sampling time was adjusted for each trial to accommodate hatchery schedule.
Effect of Probiotic Treatment on Larval Growth and Survival in Shellfish
During the drain-down process, the water containing larvae from each tank was screened using two different-sized mesh screens: a large screen (75 mm or 105, 125, 150 mm, depending on the age of the larvae) and a small screen (40 mm). Larvae retained on each screen were carefully rinsed out of the screen with a fixed volume of seawater and placed in containers with a final volume of 1-5 l (depending on larval density). Three 1 ml aliquots from each screen were placed in Sedgewick Rafter counting chambers (Graticules S50) and fixed with two to five drops of LugolÕs Iodine. Live and dead larvae were then counted using a compound microscope and 50 larvae from each tank (25 from top screen, 25 from bottom screen) were randomly selected from the slides, photographed with the Olympus BX51 microscope (Olympus), and measured using an Olympus DP25 camera and CellSens Standard 1.6 image software (Olympus).
Effect of Probiotic Treatment on Levels of Vibrio spp.
The number of total Vibrio sp. in larvae, water, and tank surface samples were evaluated using a serial dilution and plating method (Miles et al. 1938) . Larvae from each tank were collected from the drain-down sieves, rinsed with FSSW, and 10 ml of larvae from each tank were placed into a sterile tube. The larvae were filtered through a 48-mm nylon membrane, resuspended in 1 ml of FSSW, and homogenized using a sterile pestle, and serial 1:10 dilutions of the larval homogenate were created. Next, triplicate 10 ml samples of each of the dilutions were spotted onto thiosulfate citrate bile salts sucrose agar (Difco) plates. The inoculated plates were incubated for 16-20 h at 28°C and CFU were counted. The Vibrio abundance was quantified based on the presence of bacteria in the lowest dilution. Meanwhile, 10 ml of water samples from the drain down were collected into sterile falcon tubes. Then, water samples were diluted, plated, and incubated using the same method as above. Finally, three different sides of each tank were swabbed with three sterile cotton swabs, each covering a nonoverlapping line of approximately 48 cm in length. Each cotton swab was placed into 1 ml of FSSW and vigorously mixed, and CFU were determined as described above.
Results are expressed as CFU/ml, where 1 ml corresponds to 1 ml of water in the tank, 1 ml of swab suspension (or 24 cm 2 of tank wall), or 1 ml of water containing about 10,000 larvae.
Effect of Probiotic Treatment on Larval Oyster Survival after Bacterial Challenge
Laboratory experimental challenges were performed as previously described (G omez-Le on et al. 2008) with minor modifications. Larvae from each of the experimental tanks in the hatchery were collected in individual sterile 50-ml Falcon tubes after selected drain-down events and immediately transported to the laboratory. Larvae from each tank were placed in separate triplicate wells, each containing 5 ml FSSW, of a six-well plate, and kept at 22-23°C with gentle rocking throughout the experiment. The Vibrio coralliilyticus RE22 was added to each well to achieve 10 5 CFU/ml, a concentration previously determined to cause 50%-80% mortality (Karim et al. 2013) . To promote ingestion of the pathogen, commercial algal paste (20,000 cells/ml; Reed Mariculture Inc., San Jose, CA) was also added to each well at the time of challenge. Survival of oyster larvae was determined using the neutral red technique (G omez-Le on et al. 2008). Percent larval survival for each well was calculated by using the formula: Survival % ð Þ ¼ 100 3 number of live larvae total number of larvae
Results are expressed as average (%) ± SEM larval survival in each treatment (n ¼ 3 tanks per treatment and time point for Trials I and III, n ¼ 4 for Trial II).
The relative percent survival (RPS; Amend 1981) conferred by the probiotic (treatment) with respect to the challenged larvae (control) was calculated using the formula:
Results are expressed as RPS [average (%) ± SEM] of challenged oysters from tanks exposed to probiotics in the hatchery relative-challenged oysters from tanks not exposed to probiotics in the hatchery (n ¼ 3 tanks per treatment and time point for Trials I and III, n ¼ 4 for Trial II).
Statistical Analysis
Statistical analysis was carried out with Graphpad Prism, version 6.0 (Graphpad Software, Inc.). Two-way (with time and treatment as factors) and one-way (treatment within each time point) analysis of variance (ANOVA) was used to determine significance between groups. The TukeyÕs multiple comparison test was used for post hoc pairwise comparisons. Larval oyster survival data were subjected to arc sine square root transformation before ANOVA. A P value < 0.05 was considered to be statistically significant.
RESULTS
Effect of Probiotic Treatment on Larval Growth and Survival in the Hatchery
No significant differences were observed between treatments in the quantity of live oyster larvae within each time point for Trials I and III (one-way ANOVA within each day, P > 0.05; Fig. 1 ). In addition, probiotic treatment did not negatively impact the size of live larvae on Trials I and II (one-way ANOVA, P > 0.05; Fig. 2 ). On the other hand, treatment with S4 led to a significant decrease in larval survival compared with the other treatments in Trial II due to one outlier tank experiencing high mortality (60%) on day 13 (Fig. 1) . The mean size of live oyster larvae treated in the hatchery with a mixture of S4 and RI was significantly smaller (142 ± 20 mm) than other groups (174 ± 19 mm and 183 ± 19 mm) at day 9 on Trial III (one-way ANOVA; P < 0.05; Fig. 2 ). This result was driven by one outlier tank showing relatively low proportion of larvae in large screen (150 mm; 34%) compared with other tanks (>98%) on day 9 at the hatchery. No significant differences on larval survival or size were detected between treatments if the outlier tanks mentioned above are removed from the analyses (not shown).
Effect of Probiotic Treatment on the Amount of Total Vibrio spp. in the Hatchery
In general, treatment of hatchery larval tanks with probiotics significantly influenced the numbers of Vibrios present in water and tank surfaces compared with untreated controls, although variability in the duration and level of the impact was seen between trials and treatments (Fig. 3) . The two-way ANOVA analysis of levels of Vibrios in water in each of the trials indicated there were significant time (P < 0.05) and treatment (P < 0.05) effects, but no treatment 3 time interaction (P > 0.05) for Trials I and II (Appendix Tables 1 and 2 ). No significant impact of probiotic treatment on Vibrio levels in water was seen in Trial III (P > 0.05; Fig. 3E ), probably due to the relatively lower levels of Vibrios present in water during winter (less than 10 2 CFU/ml). The level of Vibrios in water, in particular, was significantly lower in tanks treated with probiotic S4 than in other treatments during Trials I and II (Fig. 3A, C) . Although the effect of S4 on levels of Vibrios in the water persisted for the length of Trial I (Fig. 3A) , a significant reduction was only seen on day 6 in Trial II (Fig. 3C) . The probiotic RI or a mix of RI and S4 had no significant effect on levels of Vibrios in water in any of the trials (Fig. 3A, C, E) .
The two-way ANOVA analysis of levels of Vibrios in tank surface indicated there were significant time (P < 0.05), treatment (P < 0.05) effects, and treatment 3 time interaction (P < 0.05) for Trials II and III (Supplemental Tables 1 and 2 ). Treatment of tanks with probiotics S4 and RI led to a significant reduction in the levels of Vibrios on tank surfaces in Trials II and III (P > 0.05; Fig. 3D, F) , but not on Trial I (P > 0.05; Fig. 3B ). In these trials, the impact of S4 was significantly higher than the effect of RI (Fig. 3D, F) . In Trial III (winter trial), a significant effect of probiotic treatment was seen on day 6, the only day in which Vibrios were detected in tank surfaces (Fig. 3F) . Interestingly, treatment with the combination of the two probiotics did not have a significant impact on the level of Vibrios in the water or the tank surfaces in the two trials in which this combination treatment was tested (Trials I and III), even when individual probiotic treatments had a significant effect in Trial III (Fig. 3D, F) . Although the impact of probiotics on Vibrios in water was only significant on day 6, a significant effect on Vibrios in tank surfaces was also seen on day 10 in Trial II (Fig. 3C, D) .
Treatment with probiotics did not have a significant effect on the level of Vibrios in oyster larvae in Trials II and III (P < 0.05; Fig. 4 ). The only treatment that showed a significant impact on levels of vibrio in larvae compared with controls was S4 on day 12 of Trial I but the effect was transient (Fig. 4A) . 
Effect of Probiotic Treatment on Larval Survival to Experimental Bacterial Challenge
Exposure to probiotics in the hatchery significantly improved survival of larval oysters to bacterial challenge in the laboratory, although high levels of variability between tanks within treatments were observed on the levels of protection, as reflected in high standard errors (Table 2 ). Survival rates of nonchallenged larvae from all hatchery treatments (control and probiotics) and all experiments ranged between 92% and 99% in the laboratory (not shown). Survival at 24 h after challenge with Vibrio coralliilyticus RE22 in the laboratory of larvae from the control tanks ranged from 16% to 60%, whereas survival of probiotictreated larvae ranged between 20% and 83% (not shown). The twoway ANOVA analysis of survival of oyster larvae in each of the trials (Supplemental Tables 1 and 2) indicated that a significant increase in survival after challenge compared with nontreated oysters was seen for all treatments and sampling points with the exception of all treatments on day 6 on Trial 1, RI-treated group on day 6 and both S4-and RI-treated group on day 12 on Trial II, and S4-treated group and the combination group on day 6 on Trial III (Fig. 5) .
Levels of protection conferred by the mixture of S4 and RI probiotic treatments relative to control-challenged larvae ranged between an RPS of 65% ± 0% during summer (Trial I) and -40% ± 60% in the winter (Trial III; Table 2 ). The most protection against bacterial infection was observed for the RI-treated group on Trials I and II, which showed RPS of 63% ± 4% on day 12 and RPS of 52% ± 11% on day 6, respectively. Effects of probiotic treatment in the hatchery on protection against challenge were variable between time points. Overall, the most protection to oyster larvae against bacterial infection was shown on day 6 on Trials II and III. In Trial I, the highest levels of protection were seen in oyster larvae collected on day 12, which is 1 day after treated with probiotic at the hatchery. The negative value of RPS seen Trial III reflects lower survival after challenge of probiotictreated larvae from some of the tanks than the nontreated larvae. For example, RPS for each of the tanks treated with S4 on day 6 was -61%, 33%, and 8%, and for each of the tanks treated with S4 and RI was -24%, -58%, and -91%.
DISCUSSION
Pilot trials were conducted to assess the safety and efficacy of two candidate probiotic strains, S4 and RI, in oyster larvae produced in a hatchery. These experiments confirmed that the beneficial probiotic effects observed in laboratory studies in Figure 4 . Effect of probiotics on total vibrio levels (log 10 CFU/1,000 oysters) in oyster larval samples at selected time points after fertilization. (A) Trial I, (B) Trial II, and (C) Trial III. C, no probiotic provided; RI, Bacillus pumilus RI06-95; S4, Phaeobacter inhibens S4; S4 + RI, P. inhibens S4 and B. pumilus RI06-95. * Statistical significance between the treatments connected by the labeled bracket (P < 0.05).
a previous study (Karim et al. 2013 ) could be translated to hatchery production conditions. In general, probiotic treatment in the hatchery (1) had no significant impact on larval growth and survival; (2) significantly decreased the total levels of Vibrios in water and tank surfaces; (3) significantly increased survival of larvae treated in the hatchery to an experimental bacterial challenge in the laboratory as compared with nontreated larvae. Some levels of variability in efficacy, however, were observed between tanks within treatments in a trial and between trials, suggesting that conditions of delivery need to be optimized to achieve consistent results in hatchery conditions. Probiotic additives may be helpful in controlling microbial populations in aquaculture systems, but the mechanisms by which they accomplish this outcome have yet to be intensively investigated. A possible probiotic mechanism is that these microbes serve as nutrients for the larvae (Verschuere et al. 2000) . In this study, oyster larvae were counted and measured during the hatcheryÕs drain-down procedure. With a couple of exceptions, the size of live larvae was not statistically different to those in control tanks, indicating that the delivery of probiotics may not provide a nutritional benefit. The methods used to measure larval growth during these trials, however, were not very sensitive due to the scale of the experiment, and further laboratory experiments need to be done to determine the potential impact of these probiotics on larval growth and nutritional composition.
Another possible probiotic mechanism includes improved water quality and competition with harmful microorganisms (Verschuere et al. 2000) . Total numbers of Vibrios were measured in the rearing seawater, tank surfaces, and on the bivalve larvae. The average concentration of Vibrio counts during these hatchery trials was relatively low (2.2 ± 1.1 log 10 CFU/ml, as compared with 3.03 log 10 CFU/ml reported in a survey of bivalve hatcheries, Elston et al. 2008 ). This was due to the fact that this hatchery uses filtration and ultraviolet treatment on incoming water to limit the introduction of pathogens. The concentration of Vibrio in the water and on tank surfaces varied widely between tanks and trials, probably due to the impact of handling and season (Elston et al. 2008) . Interestingly, although some of the probiotic treatments significantly reduced the levels of Vibrios in water and tank surfaces, vibrio counts on oyster larvae were not significantly decreased. Although these experiments measured total Vibrios, operationally defined as bacteria that grow on selective thiosulfate citrate bile salts agar, and not specifically Vibrio pathogens, these results indicate that probiotic treatments may lead to a decrease in the chances of an outbreak in hatchery conditions through decreasing levels of Vibrios in the hatchery system but without significantly impacting the vibrio bacterial community inside oysters.
Some differences in efficacy were seen between trials, which may be attributed to differences in environmental conditions between trials. Both Trials I and II were performed during summer, whereas Trial III was performed during winter. Bacterial communities in temperate coastal waters are known to significantly change with season, with a decrease in overall bacterial abundance during the winter (Staroscik & Smith 2004) . High levels of variability in the impact of probiotics were seen, which might be due to the potential impact of handling. Nevertheless, these results suggest the potential of probiotics for reducing the threat of Vibrio infections in bivalve larviculture. Further research should explore the effect of probiotic treatment on microbial communities in the hatchery environment using nonculture methods such as high-throughput sequencing on 16S rDNA libraries.
Using in vivo bacterial challenge assays, Karim et al. (2013) demonstrated that both probiotic strains provided a strong protective effect for larval oysters when oysters were challenged right after the probiotic was removed from the water. The protective effect, however, was substantially diminished when larvae were challenged 48 or 96 h after removing the probiotic from the water (Karim et al. 2013) . The hatchery studies here were consistent with this result. Probiotics were added every other day during Trial I. Protective effects were higher when larvae were sampled less than 24 h posttreatment (on days 12 and 15), and not when sampled about 48 h following exposure (day 6). Differences in levels of protection at different sampling time points during a trial could also have been due to a cumulative effect from repeated treatments or to the increased age of the larvae. There was no evidence of increased protection at the later sampling points compared with earlier sampling points during Trials II and III. These results suggest that daily Effect of probiotic treatment in the hatchery on the ability of larvae to survive a laboratory bacterial challenge with the bacterial pathogen Vibrio coralliilyticus RE22.
RPS (%) % SEM
Days after fertilization 6 9 12 14 15
Trial I (n ¼ 3) RI06-95 6 ± 29 -63 ± 4* -51 ± 6* S4 21 ± 22 -45 ± 9* -37 ± 3* S4 + RI06-95
14 ± 2 -6 5 ± 0* -52 ± 2* Trial II (n ¼ 4) RI06-95 52 ± 11 --33 ± 13 -S4 59 ± 6* --
34 ± 10 -40 ± 60 ---Data are expressed as RPS [average (%) ± SEM] of challenged oysters from tanks exposed to probiotics in the hatchery relative-challenged oysters from tanks not exposed to probiotics in the hatchery (n ¼ 3-4 tanks per treatment and time point). *Indicates statistical significance compared with control-challenged group within each trial (
treatments are required in hatcheries for protection against infections. Short residence times have been observed for other probiotic bacteria tested for aquaculture use. For example, a short residence time was observed for Phaeobacter sp. 24 3 7 when tested with turbot larvae (Planas et al. 2006) or rotifers (Pintado et al. 2010) , as well as in the seawater of rearing tanks. Probiotics may not be able to effectively colonize bivalve larvae, being eliminated after a short transit time (Gatesoupe 1999) . The probionts S4 and RI are promising candidates to manage the impact of vibriosis in oyster. Results from these experiments show that daily treatments are safe to larvae and provide partial protection when larvae are subjected to challenge with the oyster pathogen Vibrio coralliilyticus RE22. Probiotic efficacy of these bacteria in other cultured bivalve species, such as scallops and clams, remains to be determined. Further, these bacteria will need to be formulated for effective shipping and hatchery delivery. Research is underway to address these issues.
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